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Abstract

Age-related macular degeneration is the leading cause of visual impairment in developed
countries. It is divided into two forms, dry and wet. The etiology of the diseases is still not
fully understood. Known risk factors include advanced age, genetics and tobacco smoking.
New candidates like Helicobacter pylori, Cytomegalovirus, Chlamydia pneumoniae have
been studied but without strong evidence of any association. Low-grade inflammation
caused by obesity, for example, places a burden on the eye. We studied one known
infection of the tissue supporting the teeth, periodontitis, and its effect on AMD.
Surprisingly we found an association between these two diseases in males.

Age-related cataract is the leading cause of visual impairment and blindness in developing
countries. Cataract operation is one of the commonest procedures in medicine. It brings
light to elderly people and greatly improves vision and quality of life. However, there are
known complications like posterior capsule opacification (PCO), which puts a burden on
healthcare providers and patients alike. Postoperative topical medication is widely used
after a cataract operation and drugs are being studied to provide optimal relief of
postoperative complications. In our study we found that postoperative topical steroid
reduced PCO more effectively than topical NSAID drops.

Cataract operations are performed using different types of intraocular lenses (IOL),
namely low, intermediate and high diopter IOLs. These lenses can be divided into blue
light filtering IOLs and non-blue light filtering IOLs. In animal models blue light has been
found to be harmful to the retina, and after the operation there is no longer a crystalline
lens to provide protection. The lenses are designed to take this into account and help to
protect against wet AMD. We found in our study that low diopter IOLs resulted in more
PCO than higher diopter IOLs. We also found no difference between blue light filtering
IOLs and non-blue light filtering IOLs in terms of new-onset wet AMD cases.

Age-related macular degeneration and cataract often co-exist. The cataract operation
induces a small amount of inflammation in the eye and it has been found, albeit with
differing results, that cataract operations could activate wet age-related macular
degeneration. In our study we found that a cataract operation did not affect wet AMD, its
progression or the number of injections needed.

New anti-VEGF drugs have revolutionized the treatment of wet AMD. One of the drugs —
aflibercept — is frequently used as second-line treatment due to its longer lasting effect
and slightly different molecular structure compared with older drug, bevacizumab. We
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found in our study that aflibercept might provide protection against new-onset visual
impairment.
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Introduction

AMD is the leading cause of visual impairment in Western countries. It is usually a
disorder of elderly people (over 60 years) (Laitinen et al. 2010) and is divided into wet and
dry forms. Dry age-related macular degeneration progresses slowly over a period of years
to decades. Only seldom does it cause visual impairment ranging from moderate to severe
dry AMD. Wet AMD is the more aggressive form of the disorder that, if left untreated, may
cause vision to deteriorate rapidly over a few days or weeks. In wet AMD delicate new
blood vessels grow under and inside the retina causing leakage, which then leads to
edema, hemorrhages and lipid exudation in the sharp vision area called macula. Anti-
vascular endothelial growth factor (anti-VEGF) drugs have revolutionized the treatment
of wet AMD. They inhibit the growth of neovascular vessels and reduce the fluid in the
macula. Nowadays the most frequently used drugs are bevacizumab, ranibizumab and
aflibercept. Although these drugs have different mechanisms of action, studies show them
to be similar in terms of effect and safety (Tuuminen et al. 2017). Aflibercept is also used
as second-line treatment and might improve the treatment. It is used in patients non-
respondent to bevacizumab and ranibizumab and also due to its longer-lasting effect.

The etiology of AMD is still not fully understood. Known risk factors like advanced age,
tobacco smoking and genetics have been widely studied. Low vitamin intake and
unhealthy diet are also risk factors. As a result, a Mediterranean diet and vitamin
supplements have been shown to be beneficial in slowing down the progression of AMD.
New risk factors like low-grade inflammation are under investigation. Periodontitis,
which is an infection of the tissue supporting the teeth, represents one such risk factor.

Cataract or age-related cataract is the leading cause of visual impairment and blindness
in developing countries. It is also a disorder of the elderly (Laitinen et al. 2010) and often
co-exists with AMD (Bockelbrink et al. 2008). The symptoms of cataract are reduced
visual acuity, glare, reduced contrast sensitivity and impaired color vision. The only
treatment for cataract is surgery. Today cataract extraction is one of the most common
procedures in medicine. Whether cataract surgery worsens wet AMD is much debated.
Cataract surgery causes stress on the eye and also on the macula. Pseudophakic cystoid
macular edema (PCME) and posterior capsular opacification (PCO) are the most common
postoperative complications. However, postoperative topical medication and choice of
intraocular lens (IOL) also have an effect on these complications. Low-diopter intraocular
lenses are used in long (myopic) eyes and blue-light filtering IOLs as protection against
macular disorders. What kind of protection, if any, these lenses provide for the macula is
currently under investigation.
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Review of the literature

The macula was first described in the literature by an Italian ophthalmologist from Milan,
Francesco Buzzi (Belloni 1956) in 1782. At that time it was referred to as the yellow part
of the retina, lateral to the optic disc. Macula lutea was first used as a term in the literature
by Samuel Thomas von Sommering in 1799 (Schwartz & Leffler 2014). However, age-
related macular degeneration was first described in the literature in 1875 by Pagenstecher
(Verhoeff & Grossman 1937) and Genth (Pagenstecher H 1875). In 1875 Haab (Bird et al.
1995) described the disciform type of the disease and labeled it senile macular
degeneration or senile macular disease (Haab 1885). Drusens, which are one of the
hallmarks of dry AMD, were first described by Franciscus Donders in 1855 (Donders 1855)
as “Colloidkugeln”. A year later Heinrich Miiller used the term AMD with drusen (Miiller
1856). In 1967 Gass (Gass 1967) gave some insight into the pathophysiologic features of
the disorder by showing a link between drusen and wet AMD (Gass 2003). In 1970 (Gass
1970) referred to geographic areas of atrophy (GA) in his first atlas, and in 1976 (Blair
1975) described retinal pigment epithelium (RPE) atrophy in “senile macular
degeneration”. The disorder was initially referred to as senile macular degeneration, later
age-related maculopathy (ARM) or age-related macular degeneration (ARMD). Nowadays
AMD is widely accepted and used (Ferris et al. 2013). In 1982 polypoidal choroidal
vasculopathy was found as an entity of wet AMD (Yannuzzi 1982).

Treatment of neovascular AMD was first accomplished by direct laser photocoagulation,
which became available in 1983. It was effective in only a minority (15%) of wet AMD cases
and, because of relapses, permanently benefited only 10% of cases (Moisseiev et al. 1995).
In 1999 photodynamic therapy with verteporfin gave new hope for patients.
Approximately 33% were suitable for the treatment, which was the first treatment that
could be used under the sharp vision area, and 60% of these benefited.

In 2006 came VEGF inhibitors, first pegaptanib (Gragoudas et al. 2004) then
ranibizumab (Rosenfeld et al. 2006) and bevacizumab (Martin et al. 2011). Anti-VEGF
drugs are nowadays the mainstay of wet AMD treatment. These drugs are injected with a
needle into the vitreous cavity. They lower the levels of VEGF in vitreous humor and in
the retina and prohibit the growth of a neovascular membrane in the choroid, under the
RPE and in the retina. The only problem is that the drugs need to be administered every
month or no more than every 16 weeks (Taipale et al. 2020). Four drugs are used today:
bevacizumab, ranibizumab, aflibercept and brolucizumab.
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Some experimental treatment modalities have also been used, among them low-dose
radiation, teletherapy (Chakravarthy et al. 1993) and epimacular brachytherapy (Jackson
et al. 2020) but without marked success.

Age-related cataract is the leading cause of blindness in developing nations. WHO
estimated in 2010 that it accounted for 51% of blindness in the world, which is
approximately 20 million people (Pascolini & Mariotti 2012). Cataract, or crystalline lens,
was first mentioned by Rufus, the earliest author of a book on anatomy (Jaffe 1996).
Dating back to 800 BC, couching was for a long time the treatment of choice (Asbell et al.
2005). The Indian surgeon Sushruta was mentioned in the literature as operating on a
cataract by couching in 600 BC (Grzybowski & Ascaso 2014). In the operation the nucleus
was pushed down and backwards with a needle into the vitreous humor. Interestingly, a
goat tries to remove a cataract by going to a bramble bush and applying its eye to a thorn
in the same way as in couching (Leffler et al. 2018). Intracapsular extraction of a cataract
(ICCE) dates back to the mid-18th century and extracapsular cataract extraction to the
second half of the 20th century. In 1949 Ridley (Sarwar & Modi 2014) implanted his first
intraocular lens. It was widely used in England, but complication rates were high (Ridley
1954). Unfortunately, it was soon abandoned. Quite surprisingly, Casanova (1725-1798)
mentioned in his memoirs that he discussed artificial lens implantation after cataract
operation with the Italian oculist Tadini. Casanova passed the idea to Dresden court
ophthalmologist Casaamata, who tried the procedure around 1795 but without success
(Taieb 1955).

Enthusiasm for intraocular lens implantation was still high after Ridley’s time and in 1953
Baron implanted the first anterior chamber lens (Baron 1953). Later, surgeons gradually
accepted this surgical procedure (although some criticism persisted) and started to
implant IOLs using superior knowledge and more advanced equipment. Nowadays
phacoemulsification surgery, invented by Kelman in 1967, is the treatment of choice
(Pandey et al. 2004). Complication rates were much higher in those days, and one such
complication was cystoid macular edema, which was recognized by Gass and Norton in
1968 (Gass & Norton 1969). A decade ago came femto-second laser assisted cataract
surgery, which is as good as the old method but is very expensive (Roberts et al. 2020).
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1. Definition and classification of age-related macular
degeneration

AMD is the leading cause of visual impairment in the Western world (Lim et al. 2012;
Mitchell et al. 2018). It is divided into dry and wet, or exudative, forms. The dry form
accounts for about 90% of cases and can be subdivided into early, intermediate and late
stages.

1.1 Dry AMD

Dry AMD is more common than wet AMD and accounts for 90% of all cases of the
disorder. AMD has several classifications. In population studies AMD is classified as either
early or late stage. In clinical studies dry AMD is classified using the Age-Related Eye
Disease Study (AREDS) scale. Drusens, which are the hallmark of dry AMD, are graded
according to their size, type and area. Pigmentary changes are classified as
hyperpigmentation, depigmentation and geographic atrophy (Davis et al. 2005). The basic
clinical classification (Beckman classification) categorizes AMD as early, intermediate or
late according to pigmentary changes and size of drusens (Ferris et al. 2013). Small hard
drusens (<63 microns) or druplets in the macula are considered to be due to normal aging,
but medium-sized drusens (>63 — < 125 microns) but without pigmentary changes are
regarded as early AMD. Large drusens (>125 microns) and extensive medium sized
drusens with pigmentary abnormalities are categorized as intermediate AMD (Klein et al.
2014). Neovascular and atrophic entities are labeled late AMD (Mitchell et al. 2018). In
dry AMD slow progression leads to RPE, neuroretinal and choriocapillaris apoptosis and
central visual loss. Drusens, which are composed of proteins and lipids, are of two types —
hard and soft.

Pigment epithelial detachment (PED), geographic atrophy (GA), intraretinal fluid (IF) and
subretinal fluid (SRF) are connected with late-stage AMD. PED seen without neovascular
membrane is considered to be the dry form. PED can be divided clinically and
angiographically into drusenoid, fibrovascular and serous types (Tyagi et al. 2018).
Drusenoid PED is formed from a large area of confluent soft drusens (Roquet et al. 2004).
PEDs reduce visual acuity only when accompanied by other findings such as intraretinal
fluid (Schmidt-Erfurth et al. 2017). GA is late stage dry AMD and usually starts from a
small area that gradually enlarges. The rate at which this happens can be predicted and
calculated (Fleckenstein et al. 2018). Dry AMD progresses gradually over years or decades
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and only seldom causes visual impairment. In 5 years only 5% of early dry AMD cases
develop to become late AMD (Lim et al. 2012). Despite this, dry AMD should be monitored
regularly (for example, once a year) by an ophthalmologist because of the risk of
development into wet AMD. Patients can also test their sharp vision at home by using
Amsler’s grid, which is a good adjunctive tool but has been reported to have a sensitivity
of only 50% (Loewenstein et al. 2003).

1.2 Wet AMD

Wet, exudative or neovascular AMD is the most severe form of the disorder; it progresses
rapidly and if left untreated can cause visual impairment. Before effective treatment
became available some 50% of patients became severely visually impaired (vision poorer
than 0.1 Snellen acuity with best corrected refraction) in 5 years (MPSG 1993). If there is
wet AMD in one eye, the risk of developing wet AMD in the other eye within 3-5 years is
about 30 - 50% (MPSG 1993; Rasmussen et al. 2013). The risk can be calculated (NEI
2019). The disease itself is located in the area of sharp vision and seldom causes blindness
itself but can impair reading vision. Typical findings are intraretinal edema and/or
subretinal fluid, PED, superficial intraretinal (Gass et al. 2003), preretinal and/or
subretinal hemorrhages and lipid exudations. This is because in wet AMD delicate
neovascular vessels grow under the RPE in the choroid. These can penetrate Bruch’s
membrane (the membrane between pigment epithelium and choroid) and grow under or
above the pigment epithelium. Fibrovascular PED is seen in 10% of cases of neovascular
AMD (Clemens et al. 2017).
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Figure 1. Image of neovascular AMD. Old fibrotic scar, PED, drusens and intraretinal/subretinal hemorrhage.
Reprinted from Ophthalmology: Journal of the American Academy Ophthalmology, vol 127, Number 4S, April
2020, Retrospective of Landmark Contributions. Cover photo. Copyright (2020), with permission from Elsevier.

There are three variants of wet AMD: type 1 MNV (macular neovascularization), where
the neovascular network is situated under the RPE (occult neovascularization), type 2
MNYV, where the membrane is above the RPE (classic neovascularization), and type 3
MNV (retinal angiomatous proliferation) where choroidal neovascularization (CNV)
originates from the retina and can communicate with the retinal or choroid circulation
(Farecki et al. 2017). The classic lesion is either predominantly or minimally classic. In a
minimally classic lesion the neovascular membrane area is less than half of the whole
lesion size as seen in fluorescein angiography, while in the predominantly classic lesion it
is greater (>50% of total area) (TAP 1999; Seitsonen et al. 2008).

Retinal angiomatous proliferation (RAP) or MNV type 3 (delineated into three stages) is
estimated to be involved in 12-15% of newly diagnosed wet AMD cases. It originates from
retinal vessels which anastomose with choroidal neovascularization with a “hot spot”
(seen in ICG) (Tsai et al. 2017). It is often associated with PED and reticular
pseudodrusens (which are small subretinal drusenoid deposits in the macula) (Chang et
al. 2016). In stage I there is intraretinal neovascularization, in which neovascularization
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progresses toward both anterior and posterior boundaries of the retina. Retinal-retinal
anastomosis is seen in 30% of cases. Intraretinal edema and hemorrhages might also be
seen. In stage II intraretinal neovascularization extends to subretinal neovascularization
past the photoreceptor layer. Neuroepithelial detachment, hemorrhages and intraretinal
edema may be seen. Stage II can be subdivided further into those with PED and those
without PED. In stage III choroidal neovascularization is associated with vascularized
PED and retinal choroidal anastomosis. Choroidal neovascularization can be diagnosed
by angiography. In stage III there is retinal-retinal anastomosis in 36% of cases (Tsai et
al. 2017). The risk factors for RAP are the same as for wet AMD generally. In one study the
incidence of systemic diseases in RAP patients was high. The prevalences of high blood
pressure, coronary artery disease and hypercholesterolemia prevalence were 81%, 37%
and 19%, respectively (Gross et al. 2005).

Polypoidal choroidal vasculopathy (PCV) is one type of neovascular AMD, and studies
have shown that in the European population it is involved in 8-12% of wet AMD cases
(Cheung et al. 2018). There exist aneurysmal dilatations, polyps or “grapes” under the
RPE, in the choroid, which are visualized more clearly using indocyanine green
angiography (ICG). These polyps are weak and delicate and often cause lipid exudation
(Cheung et al. 2018). Biomicroscopically these polyp lesions are orange in color. The
predilection for PCV is a pigmented fundus, which means that the incidence in persons of
African descent is noticeably higher. Nowadays, patients from the Far East and Southeast
Asia are also mentioned widely in the literature (Dansingani et al. 2018). The risk factors
for PCV are the same as for AMD. In one study, cigarette smoking increased the risk of
PCV 4.4 times (Cackett et al. 2011). A high body mass index has been found to be one risk
factor (Woo et al. 2015). Some studies report high blood pressure to be a risk factor (Chung
et al. 2016).

Peripapillary choroidal neovascularization is located within one-disc diameter of the optic
nerve head. It is estimated to involve 10% of all CNV cases (Jutley et al. 2011). It causes
visual symptoms only if the neovascular membrane is located near the macula or if
hemorrhages/exudates approach towards the fovea.
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Figures 2 and 3. Polypoidal choroidal vasculopathy. Polyps in the macula seen in FA, OCT, ICGA and en-face
images. Reprinted from Ophthalmology: Journal of the American Academy of Ophthalmology, vol 125(5), Cheung
et al, Polypoidal Choroidal Vasculopathy Definition, Pathogenesis, Diagnosis and Management, p. 708-724,
Copyright (2018), with permission from Elsevier.

19



Pachychoroid disease has recently been recognized. It involves PCV, pachychoroid
pigment epitheliopathy (PPE), pachychoroid neovasculopathy (PNV) and central serous
chorioretinopathy (CSC). All have a thickened choroid in common (Borooah et al. 2020).

One rare subtype or entity of wet AMD is retinal pigment epithelial tear, referred to as an
RPE rip. This affects 3-24% of PED patients with wet AMD treated with anti-VEGF
therapy. The RPE rip is most commonly seen in vascularized PED, but can also be seen in
PCV and RAP lesions, and in some infrequent macular disorders. The RPE rip can be
encountered in the natural course of PED, laser photocoagulation, photodynamic therapy
with verteporfin and after anti-VEGF therapy. The risk is greater when the PED is higher
(Chan et al. 2007; Leitritz et al. 2008; Gelisken et al. 2009; Chan et al. 2010). In one study
a PED height > 600 pm was found to substantially increase the risk of RPE rip (Sarraf et
al. 2014). However, in a recent real-world study where wet AMD patients were treated
with ranibizumab, the incidence of RPE rip was 0.16% (Holz et al. 2020). In high-risk
patients (serous vascularized PED), the risk was assessed to be 12 to 17% with anti-VEGF
therapy (Clemens et al. 2014). The symptom of an RPE rip is usually a sudden decrease in
visual acuity (Ersoz et al. 2017).

1.2.1 Etiology of wet AMD

The cause of wet AMD is unknown, but some risk factors have been identified. Advanced
age, smoking and genetic risk factors are the most common strongly associated risks. The
effect of smoking might last for up to 20 years after the subject has quit (Zerbib et al.
2014). Moderate associations have been found with high BMI, a history of cardiovascular
disease, hypertension and high plasma fibrinogen concentrations (Rim et al. 2017).
Diabetes, gender, ethnicity, iris color, cerebrovascular disease and total HDL and
triglyceride levels show weak associations (Frank et al. 2000; Chakravarthy et al. 2010).
Different results have been reported for the link between obesity and AMD (Zhang et al.
2016; Jaisankar et al. 2018). A low dietary intake of antioxidants is another risk factor
(Seddon et al. 2016).

AMD is a multifactorial disorder for which genetic risk factors have been widely studied.
Family aggregation and twin studies have shown that the prevalence of AMD is higher in
first-degree relatives (23.7%) compared to relative controls (11.6%), with an OR of 2.4. For
monozygotic and dizygotic twins the heritability of early and advanced AMD is estimated
to be 46% and 71%, respectively (Warwick & Lotery 2018). Genomic region investigations
have revealed that chromosomes 1 and 10 were responsible. 52 common and rare variants
at 34 genetic loci have been identified as being associated with late AMD (Fritsche et al.
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2016). Complement factor H (CFH) and ARMS2 are the major AMD susceptibility genes.
Y402 polymorphism has been identified in CFH as a major risk factor for wet AMD.

Inflammation is also thought to be one possible etiological factor (Klein et al. 2008;
Bhutto et al. 2016). Helicobacter pylori, Chlamydia pneumoniae and Cytomegalovirus
infections have been investigated, but no strong association has been reported (Miller et
al. 2004). CRP and serum IL-6 (Seddon et al. 2005; Krogh Nielsen et al. 2019) and
aqueous humor cytokines (IL-6, IL-8) are higher in AMD patients than in control patients
(Mimura et al. 2019; Subhi et al. 2019). CRP is divided into two independent forms:
pentameric (pCRP) and monomeric (mCRP). In a recent study, mCRP was elevated in the
choroid and Bruch’s membrane in the high-risk CFH genotype (Chirco et al. 2016). The
most recent finding is periodontitis, which has been found to have a mild association with
wet AMD (Brzozowska & Puchalska-Niedbat 2012; Karesvuo et al. 2013; Wagley et al.
2015; Pockpa et al. 2019; Sun et al. 2019), the latest discovery being an interaction
between periodontal pathogen P. gingivalis and RPE cells (Arjunan et al. 2020).

Risk factors for late AMD

M high age
M cigarette
family
M high BMI
mMCC
HTA
M diabetes
M cataract surgery

M periodontitis

Figure 4. Risk factors for late AMD.
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1.2.2. AMD-induced visual impairment

The number of AMD patients worldwide was estimated to be 200 million in 2020,
predicted to rise to 300 million by 2040 (Wong et al. 2014). In the People’s Republic of
China the numbers were 31 million in 2020 and expected to reach 55 million in 2050 (Wu
& Sun 2019). AMD affects approximately 4% of the adult population in Finland: 12% of
those 65 years or older and 277% of those 85 or older (Laitinen et al. 2010). An earlier study
found the prevalence of wet AMD to increase after 70 years of age to 3.7% and to peak at
17% after the age of 85 (Laatikainen & Hirveld 1995). According to the Finnish Register
of Visual Impairment and the Finnish Institute for Health and Welfare, in 2018 AMD was
the reason for visual impairment in 41% of the entire population and in 58% of those over
65 (Ojamo 2018). In the UK, AMD is the cause of blindness (Snellen acuity under 0.05) in
58.6% of cases and of partial loss of sight in 57.2% of the population as a whole (Bunce et
al. 2010). The incidence of AMD is greater in women than in men, and the risk among
white Europeans is twice that for Asians (Mitchell et al. 2018). In the USA the incidences
of early and late AMD among white people are 5.3% and 4.1%, among Chinese 4.5% and
2.2%, among Hispanic 3.3% and 0.8%, and among black people 1.6% and 0.4%,
respectively. Women, especially whites, are at greater risk of developing AMD (early AMD
6.4% and late AMD 4.0%) than men (early 3.7% and late 1.6%) (Fisher et al. 2016).
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PRINCIPAL DIAGNOSES OF VISUAL IMPAIRMENT
Registered visual impairment in Finland in 2019 (N = 18 176)

Age-Related Macular
Degeneration (AMD)

Hereditary Retinal 41 %
Dys trophies
10 %
All the Other
Diagnoses
Dis orders of the 9%
Optic Nerve
System 3 % Amaurosis NUD 1 %

+_ Dis ord.of Choroid 1 %
" Retinal hole 2 %
N ".. " Deg. High Myopia 2 %
[ \ Visual Disturbances 2 %
. Dis ord.of Cornea 2 %
Amblyopia  piapetic Retinopathy 4 %
NUD 4 %

Glaucoma
8 %
Congenital Anomalies 5%

The Finnish Register of Visusl Impair ment 2018

Figure 5. By permission of Matti Ojamo from the Finnish Register of Visual Impairment, Helsinki, Finland.

1.2.3. Symptoms of wet AMD

Early AMD is usually symptomless, but in late-stage AMD the main symptom of newly
developed wet AMD is metamorphopsia (which means distortion in the perception of
shape and alterations in perceived size (micropsia and macropsia)) when reading,
watching TV or driving. This means that straight lines are seen as curves. Vision can
sometimes deteriorate rapidly and there can be missing areas in the image or central
scotoma, something that has also happened in GA (Leinonen & Hyvirinen 2008). Color
vision problems are also encountered. Only very rarely can it cause vision loss due to
vitreous hemorrhage, subretinal hemorrhage or RPE tear. End-stage wet AMD results in
a fibrous scar and atrophy to the retina, which can cause visual hallucinations called
Charles Bonnet syndrome (Niazi et al. 2020). Amsler’s grid is a very important tool for
assessing dry AMD at home (Yannuzzi 1982) and its possible change to the wet form.
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2. Clinical findings and evaluation of wet AMD

2.1 Visual acuity

Visual acuity is the gold standard for testing vision. In 1679 Hooke came up with the idea
of the minimal separation between two point sources of light as a measure of vision. Later,
in 1863 Professor Hermann Snellen of Utrecht developed his classic test letters. Correct
identification of white areas between the black elements of the letter is essential (Duker
2009). In a Snellen test visual acuity is described as the distance over which the test is
made divided by the distance at which the letter would subtend 5 minutes of arc vertically.
Thus at 6 meters a 6/6 letter subtends 5 minutes of arc, a 6/12 letter subtends 10 minutes
and finally a 6/60 letter 50 minutes of arc. A Snellen fraction can also be expressed as a
decimal (for example 6/6 = 1.0 and 6/12 = 0.5) (Kanski 2007). However, there are
shortcomings in the Snellen method (smaller letters are harder to recognize than bigger
ones, and some letters (C, D, O, G) are inherently harder to recognize than others). Base
10 logarithm of the minimum angle of resolution (LogMAR) and Early Treatment Diabetic
Retinopathy Study [ETDRS] charts can be used, especially in macular diseases . Visual
acuity is normally reduced in wet AMD, but can sometimes be normal. In one study mean
visual acuity was 0.4 Snellen units at baseline and increased with treatment after 1 year to
0.6 (Gillies et al. 2019). The reasons for deterioration of vision are intraretinal edema,
SRF, exudates or hemorrhages, scar and GA. If visual acuity is under 0.0625 Snellen units
treatment is not necessarily started because of low expectations of any benefit. There are
however exceptions, such as when only one eye and cataract cause vision to deteriorate.
Also, treatment is not started if the risks outweigh the benefits.

2.2 Color fundus photography (CF)

CF is regular light photography and the image is two-dimensional. It can also be used to
obtain red-free images. In wet AMD, the image show drusens, pigmentary changes,
atrophy, scars, hemorrhage, exudates and edema. Edema, however, is more difficult to
detect than it is from three-dimensional images. In one study, CF combined with OCT
showed fairly good results in diagnosing wet AMD. Only 2.5% of an entire population had
retinal hemorrhage, which was seen only by slit-lamp biomicroscope (Mookhtiar &
Downey 2012). When monitoring the disease, retinal hemorrhages are better seen in CF
than in OCT or infra-red images (Hibbs et al. 2011)
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2.3 Biomicroscopical picture

The slit-lamp biomicroscope was invented in 1911 (Ehinger & Grzybowski 2011; Timoney
& Breathnach 2013) and the inventor, Allvar Gullstrand, received the Nobel Prize for
Medicine or Physiology. Nowadays the Carl Zeiss® and Haag-Streit® are the leading and
most often used slit-lamp instruments. A funduscopic examination with a slit-lamp
biomicroscope and a 9o D, 78 D or 60 D double aspheric lens provides a three-
dimensional image of the retina. Intraretinal edema, PED, subretinal, intraretinal and/or
preretinal hemorrhages and sometimes lipid exudates can be seen. There are often hard
and soft drusens, hypo- and hyperpigmentation and geographic atrophy secondary to dry
AMD. In the case of vitreous hemorrhage visibility is reduced and it is necessary to use
ultrasound.

2.4 Optical coherence tomography (OCT)

Optical coherence tomography is an excellent way to examine the retina and is today used
in almost every AMD patient. It was first introduced commercially in 1996 (Fujimoto &
Swanson 2016). It visualizes photoreceptor layers, RPE, Bruch’s membrane, optic nerve
head and choroid. The image obtained depends on how the ray of light (infrared 820nm)
is reflected back from the bottom of the eye (as with ultrasound). The information
obtained is processed by computer and presented either numerically or graphically. The
study is noninvasive and takes about a couple of minutes. The OCT instrument uses an
interferometer to quantify these differences in reflectivity and create the signal. OCT can
measure very short time intervals and this means that the resolution is very good. Cataract
and other medium opacities adversely affect the quality of the images obtained.

A characteristic finding in wet AMD is intraretinal and subretinal edema, indicating that
macular thickness has increased. In OCT central subfield macular thickness (CSMT) and
foveal and maximal thickness are usually increased. In wet AMD there can be subretinal
fluid, in other words neuroepithelial detachment (NED), due to leakage of the neovascular
vessels. There can be PED, but this may also apply in the absence of wet AMD. Subretinal
hyperreflective material (SHRM) may include an admixture of serum, fibrin and
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inflammatory cells (Kumar et al. 2020). Fibrosis is the build-up of collagen deposition
tissue. The neovascular membrane can sometimes be seen under the NED.

2.5 En-face imaging

Traditional OCT and advancement in data processing and software has led to the
development of en-face OCT which produces by combining OCT data with transverse
confocal analysis transverse images of retinal and choroidal layers (Lau et al. 2015). It
gives extensive overview of pathological structures with single image. En-face image is
useful indicator of visual acuity in geographic atrophy. Also the reticular pseudodrusen,
AMD and polypoidal choroidal vasculopathy can be diagnosed with en-face OCT. It is
handy because of the lack of dye like there are in FA and ICG. In one pilot study the wet
AMD was seen even better on en-face OCT than in conventional imaging (Stopa et al.
2008).

2.6 OCT angiography

OCT-A is the latest achievement in technology to be promoted as an alternative or adjunct
to classic fluorescein angiography. OCT-A shows streaming blood and the vascular layers
and neovascular membrane in the retina without dye. It lacks side-effects like those
associated with FA (vomiting, hypersensitivity reactions and cardiovascular problems). It
is less invasive, faster, has higher resolution and depth-resolved imaging modality. FA
shows the superficial capillary network, but OCT-A visualizes superficial, deep, choroidal
and even middle capillary plexuses. OCT-A allows 3-dimensional analysis of most of the
retinal and choroidal layers (Farecki et al. 2017). Different devices are commercially
available from Zeiss, Optovue, Heidelberg and Topcon (Munk et al. 2017).

2.7. Autofluorescence imaging

Autofluorescence is a rapid, noninvasive method for assessing RPE health.
Autofluorescence is the fluorescence emitted by a tissue after excitation by radiation of a
suitable wavelength. Excitation is provided by an SLO blue laser (488nm) and a 500nm
barrier-filter is also used to avoid autofluorescence from other ocular structures. Light
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reacts with lipofuscin to produce a hyperautofluorescence image. Geographic atrophy can
be seen as a hypoautofluorescence area or probable reduced autofluorescence because of
missing RPE. The surroundings or the transitional zone between a healthy retina and
geographic atrophy area are seen as hyperautofluorescence. In exudative AMD
autofluorescence is helpful in detecting serous pigment epithelial detachment (PED) (Tan
et al. 2016; Takasago et al. 2019; Battaglia Parodi et al. 2020).

2.8 Fluorescein angiography (FA)

In the 1960s sodium fluorescein injected intravenously provided better visualization of
the retinal vasculature (Patel & Kiss 2014). FA contrast agent (sodium fluorescein) is
injected into the circulation in order to obtain additional information about the retinal
vasculature. Images are taken at different time intervals (seconds to minutes) allowing
visualization of choroidal and arterial and venous filling and clearance. A good quality
angiogram needs to have adequate pupillary dilatation and clear media. Adverse effects
differ from mild (nausea, vomiting, itching) to life threatening (anaphylactic shock). That
is why it is beneficial to have an anesthesiologist in attendance (Kanski 2007). The
neovascular membrane can be seen in type 1 MNV (classic lesion) (the neovascular
membrane appears hyperfluorescent in the early phase of FA). In an occult lesion it is hard
to see the membrane. No fluorescence can be seen under the RPE, but background
fluorescein can be seen. In type 3 MNV the FA demonstrates intraretinal leakage of
fluorescein with potential for cystoid macular edema.

2.9 Indocyanine green (ICG) angiography

The use of indocyanine green was introduced in 1969. ICG is a water-soluble
tricarbocyanine dye. It absorbs light waves in the near-infrared range of 790-805nm and
has an emission range of 770-880onm with the peak at 835nm. It shows under the pigment
epithelium, subretinal fluid, shallow hemorrhage and under the pigment and lipid
exudation. It is ideal for detecting and evaluating choroidal abnormalities (Duker 2009).
The neovascular membrane can also be seen. It visualizes the choroid well but the retina
only poorly. Studies have shown that ICG is better than FA in detecting an occult choroidal
neovascular membrane under hemorrhagic wet AMD (Kramer et al. 2000). Polypoidal
and occult lesions are especially well visualized using ICG angiography. In ICG
angiography the choroidal neovascularization is seen as hyperfluorescence. It can be used
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in combination with FA. ICG angiography offers a good opportunity to perform “hot spot”
laser treatment. It is focal CNV, which is most often either an area of occult CNV or an
RAP lesion (Duker 2009). ICG gives an opportunity to treat the feeder vessel. Unlike FA,
ICG angiography makes it possible to see under the serous PED (Regillo 1999). Adverse
effects occur rarely (0.34%) and are usually mild (nausea, exanthema, urticaria and
urgency to defecate). Hypotension requiring treatment for shock is seen only rarely
(Obana et al. 1994).

2.10 Microperimetry

Microprimetry provides a way of measuring the visual field of the macular area. It is a
psychophysical test that reflects functional vision. Fundus-tracking control makes it
possible to overcome fixation losses and eye movements. Commercially available
microperimeters include the MP-1 (Nidek, Gamagori, Japan) and the Macular Integrity
Assessment (MAIA, CenterVue, Padova, Italy) instruments. Microperimetry cannot detect
very small scotoma, particularly when retinal fixation is unstable. In wet AMD,
microperimetry shows relative scotoma, depending on the location of atrophy, edema or
even hemorrhage of the macula. The sensitivity of the macula can be reduced due to
macular thickening, intraretinal edema, fluid or neuroepithelial or pigment epithelial
detachment (Midena & Pilotto 2017). Advanced AMD status, older age and reduced
retinal thickness were associated with decreased retinal sensitivity (Roh et al. 2019). After
anti-VEGF treatment an increase in retinal sensitivity is observed (Hartmann et al. 2015).

2.11 Visual evoked potential (VEP)

Visual evoked potential measures the visual impulse from the eye to the visual cortex. The
visual system is irritated by visual patterns and the electrical visual potentials are
measured. It is well established that VEP values have connections with macular diseases
(Marcus et al. 1983). VEP values improve after treatment of wet AMD (Vottonen et al.
2015), but the usefulness of VEP in the treatment and follow-up of wet AMD is debated .
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2.12 Color vision

The color vision test examines the ability of an observer to discriminate the distribution
of different wavelengths. A defect is described in terms of abnormalities in color matching,
color discrimination, color arrangement and spectral sensitivity. Color matching is tested
with an anomaloscope, whereas color discrimination is tested with the commercially
available Farnsworth-Munsell 100 hue test. However, in clinical practice the Farnsworth
D-15 is quicker and easier to use. Color vision changes in AMD are a subject of research.
In early AMD the yellow-blue (tritan) color defects are generally recognized and these tend
to worsen in late-stage AMD (Neelam et al. 2009).

3. Differential diagnostics of wet AMD

Some common, and also rare, diseases mimic wet AMD. Central retinal venous occlusion
(CRVO) and branch retinal venous occlusion (BRVO) have the same symptoms, but the
clinical picture is different. In BRVO and CRVO microinfarcts, flame-shaped
hemorrhages, venous tortuosity and edema dominate the retinal picture. Retinal
macroaneurysm is dilatation of the retinal artery and might, on rupturing, cause
subretinal hemorrhage that could mimic wet AMD. Sometimes massive subretinal
hemorrhages might resemble a tumor-like choroidal melanoma or cavernous
hemangioma (Pitkdnen et al. 2014). Pachychoroid pigment epitheliopathy (PPE)
resembles AMD, but without subretinal fluid or neovascular membrane, and patients are
younger (Borooah et al. 2020). Pachychoroid neovasculopathy (PNV) is very similar to
wet AMD, but is characterized as changes without drusens, by its earlier onset, thicker
choroid and higher prevalence of RPE abnormalities (Pang & Freund 2014). Pathologic
myopia (>6 diopters) affects people of working age and, like AMD, causes CNV and can
also cause rapid vision loss (Cheung et al. 2017). Cystic macular edema (CME) acts
similarly to wet AMD, which is a complication in cataract and glaucoma surgery. Central
serous chorioretinopathy (CSC) has the same symptoms and also the same kind of clinical
picture, neuroepithelial detachment, but without drusens. It is usually a disease of
younger males. Macular hole and macular pucker or epiretinal membrane (ERM) also
affect the macula causing central scotoma in the hole and blurred vision and
metamorphopsia in the pucker. The prevalence of macular holes is approximately 3.3 per
thousand in people over 55. The famous American ophthalmologist JD Gass put forward
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a new hypothesis in 1988 that an idiopathic macular hole is created by the tangential
forces of vitreous remnants acting towards the macula (Gass 1988). OCT differentiates
this disease from AMD (Agarwal 2012). Vitreomacular traction syndrome (Errera et al.
2018) is a rare entity as are macular teleangiectasia type 1 (Lee Kim et al. 2017) and type
2 (Charbel Issa et al. 2013). Diabetic maculopathy and macular edema (DME) are located
in the central part of the retina, in the macula, and are sometimes very hard to differentiate
from wet AMD. There can be small intraretinal hemorrhages, edema and lipid exudates
as in wet AMD. FA helps in making the diagnosis. In FA the dye leaks into the subtle
neovascular membrane and can be seen for example in type 2 MNV as late leakage and as
a well-defined area. It is rarely mentioned that AMD should be distinguished from
dominantly inherited progressive juvenile foveal dystrophy associated with drusen-like
changes and macular staphyloma, basal laminar drusens and macular degeneration and
pattern dystrophy (Agarwal 2012).

4. Treatment and follow-up of wet AMD

4.1 Prevention

The progression of wet AMD can be postponed from intermediate stage AMD to late AMD.
Previously, high-dose zinc and antioxidant (beta-carotene, vitamins C and E) supplements
(AREDS formula) were used. However, there were side-effects and beta-carotene was
replaced by lutein and zeaxanthin (AREDS and AREDS2 studies) (Seddon et al. 2016).
The odds are lowered significantly in the case of intermediate AMD or late AMD in the
other eye, so that it is recommended to take these supplements (Chew et al. 2013):
reduction rates have been reported in at least moderate visual acuity loss in an antioxidant
+ zinc group, 0.73 OR, 99% CI, 0.54-0.99 (AREDS 2001). The Mediterranean diet (rich in
vegetables, fruits, legumes and fish) has been proved to reduce the risk of developing wet
AMD by 41% (Merle et al. 2019). Both the AREDS and AREDS2 studies produced the same
results (Keenan et al. 2020). Giving up smoking or cutting down the number of cigarettes
per day helps prevent the progression of wet AMD (Rim et al. 2017). To lower the risk it is
also important to lose weight (in obese persons), and to treat hypertension and cholesterol
levels (Chakravarthy et al. 2010).
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4.2 Anti-VEGF injections

VEGF is a Y-shaped molecule derived from vascular endothelium that accelerates the
growth of delicate neovascular vessels. VEGF levels can be measured from vitreous humor
by enzyme-linked immunosorbent assay (ELISA) (Hsu et al. 2016). The VEGF family has
five members in mammals: VEGF-A, VEGF-B, VEGF-C, VEGF-D and placental growth
factor (PIGF). In ophthalmic use these anti-VEGF drugs bind to VEGF-A, VEGF-B and
PIGF. VEGF-A is a key regulator of developmental, physiological and pathological
neovascularization. It is divided further into nine isoforms, the most abundant being
VEGF165, VEGF interacts with receptors VEGF-R1, R2 and R3 so that VEGF-A interacts
with R1 and R2 and VEGF-C and D with R3. Interaction activates receptor dimerization
and the cascade of downstreaming signaling transduction pathway, which leads to
increased vascular permeability, endothelial cell activation, proliferation, invasion and
migration (Ciombor et al. 2013). VEGF-R1 transmits different vascular development and
growth signals. VEGF-R2 is mainly responsible for VEGF signaling in angiogenesis and
VEGF-R3 for lymphangiogenesis (Tammela et al. 2008).

In 2006 came VEGF (vascular endothelium growth factor) inhibitors, which are nowadays
the cornerstone in the treatment of wet AMD. Anti-VEGF is a molecule that inhibits the
activity of VEGF, a critical mediator of physiological angiogenesis and pathological
angiogenesis (Ferrara et al. 2003). Anti-VEGF drugs are injected into the eye with a
needle. Besides lowering levels of VEGF in vitreous humor, anti-VEGF agents also reduce
levels of VEGF in serum (Wang et al. 2014). In addition to wet AMD, the injections are
used in CRVO, DME, corneal neovascularization and retinopathy of prematurity (ROP),
among others.
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Figure 6. Intravitreal injection.

Anti-VEGF lowers the levels of VEGF in vitreous humor and prevents the growth of
neovascular membrane in the choroid and retina. The one challenge is that it should be
administered intravitreously every month or in some cases less often, because of its short
duration of action. Four drugs are used, namely bevacizumab, ranibizumab, aflibercept
and brolucizumab. In recent studies bevacizumab and aflibercept have been found to be
equally effective, safe and well tolerated (Tuuminen et al. 2017). The advantage of
aflibercept is that it binds to VEGF-A, VEGF-B, PIGF-1 and PIGF-2 molecules, while
bevacizumab binds only to VEGF-A. These drugs have greatly improved the visual
handicap and deterioration of vision and also visual impairment resulting from wet AMD
treatment (Karesvuo et al. 2020). The problem with these drugs is that treatment usually
lasts many years. The LUCAS study showed that 62% of patients benefited from the
treatment (visual gain >5 letters), 26% derived intermediate benefit (<4 letters) while the
remaining patients (9%) did not benefit (decrease > 5 letters) in a 1-year follow-up (Berg
et al. 2015). In a 10-year real-world study the mean visual loss from baseline with anti-
VEGF therapy was 5 ETDRS letters. The most important prognostic factor was the
baseline BCVA and the decline of BCVA was thought to be caused mainly by atrophy
(Brynskov et al. 2020). The mild complications of injections are corneal erosion,
sugillation, intraocular inflammation, and mild discomfort. The severe adverse effects are
vitreous hemorrhage, retinal detachment, endophthalmitis, traumatic cataract, elevated
intraocular pressure and central artery occlusion. Systemic complications, like a
thromboembolic event, heart attack or stroke were the same as in the placebo group
(Rosenfeld et al. 2006; Heier et al. 2012; Moja et al. 2014). In Finland a total of around
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90,000 anti-VEGF injections were given in 2017, and the figure is increasing as the “baby
boom” generation gets older (Karesvuo et al. 2020).

4.2.1 Pro re nata (PRN)

Pro re nata means that anti-VEGF injections are given as needed depending on the status
of the macula. First it is usual to give a loading dose, which means 3 monthly injections,
following which the status of the macula is assessed every 4-8 weeks (depending on the
drug). Treatment can also be provided without a loading dose. According to the CATT and
PRONTO studies retreatment indications are loss of 5 ETDRS letters, hemorrhage in the
macula, fluid on OCT, dye leakage or increased size of the neovascular membrane in FA
(Lalwani et al. 2009; Martin et al. 2011). The injections are then given every month only
if there is activation of the disease (Kvannli & Krohn 2017). PRN is considered as a
“reactive” regime. Its pitfall is the yo-yo effect of fluid accumulation which damages the
retina (Augsburger et al. 2019). PRN is used globally due to its lower costs and fewer visits
compared to monthly visits (Hernandez et al. 2018).

4.2.2 Treat and extend (TER)

The TER regimen means that injections are first given every month, after which treatment
intervals and visits are gradually extended, for example by two weeks if there are no signs
of active disease on OCT and biomicroscopic fundus examination. The maximum interval
is usually up to 16 weeks (Taipale et al. 2020). If there is recurrent disease, fluid on OCT,
hemorrhage on fundus examination, or if the neovascular membrane size is increased on
FA, the interval is shortened, for example by 2 weeks. A decrease in best corrected visual
acuity is not considered a recurrence (Berg et al. 2015). This treatment regimen is
considered as “pro-active” which means that injections are given on every visit and the
duration is decided at the visit. A Swiss study showed that the TER protocol is able to
achieve more visual gain with fewer injections compared to the PRN protocol (Augsburger
et al. 2019).
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4.2.3 FIX

Injections are given at regular, predetermined intervals, every 4-6 weeks in the case of
bevacizumab and ranibizumab, and after 3 loading doses with aflibercept (every 4 weeks)
then every 8 weeks (Providéncia et al. 2018). Treatment is continued until the
discontinuation criteria are fulfilled (VA permanently below 0.0625 ETDRS, patient’s
wishes, risks and adverse effects exceed the benefits) (Tuuminen et al. 2017). Follow-up
visits are after every three injections.

4.2.4. Fixed treat and extend (FIXED TER)

The injections are given every month for 3 months, then three times at 6-week intervals
and then twice with an interval of 8 weeks. This is followed by one injection after 10 weeks,
one injection after 12 weeks, one injection after 14 weeks and then one final injection after
16 weeks. The interval is shortened if there is activation of the disease (fluid in OCT or
hemorrhage in the macula), for example from 12 weeks to 10 weeks, etc. (Karesvuo 2021).

4.3. Photodynamic therapy with verteporfin

In 1999 PDT with verteporfin gave new hope to the AMD patient (TAP 1999) and to
patients with other disorders, including choroidal hemangioma and central serous
chorioretinopathy. Approximately 21% of AMD patients (Haddad et al. 2002) were
suitable for the treatment, which was the first that could be given under the sharp vision
area, and 60% benefited. The problem with PDT was its high price, but studies have
pointed out its cost-effectiveness if the treatment is started early enough and vision loss is
initially only moderate (Hopley et al. 2004). In standard protocol PDT, the photosensitive
drug verteporfin (6mg/m2) is injected intravenously, and after 10 minutes low energy
laser light (693nm) is directed (laser fluence (50J/cm2) at the area to be treated to activate
the verteporfin. Wet AMD is diagnosed with FA and the area treated is assessed from dye
leakage (type 1 and type 2 MNV) (TAP 1999; Lim et al. 2020). The mechanism behind PDT
is thought to be that verteporfin accumulates in abnormal choroidal neovascular
endothelial cells in increased LDL receptors and causes occlusion when activated by laser.
The safety profile is quite good, with visual disturbances (10-15%), photosensitivity
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reactions (3%) and back pain (2%) being encountered during treatment (Newman 2016).
Acute choroidal ischemia is seen in 1.8% of patients treated with PDT (Isola et al. 2006).
After treatment patients are advised to avoid sunlight for 48 h and to wear a wide-
brimmed hat and use full skin coverage and sunglasses for 3-5 days, because of skin
photosensitivity. To enhance the safety profile, half-dose PDT is used in CSC with and
without reduced fluence.

PDT and anti-VEGF therapy can be used together, and some studies have shown the result
is greater visual gain with fewer injections and better chances of complete polypoidal
lesion regression (Lim et al. 2020).

4.4. Laser photocoagulation

Laser light is made from coherent waves, which means that every light wave is of the same
length and oscillates in the same direction and at the same frequency. The first laser was
built more than 50 years ago and its use in ophthalmology soon followed. In 1961 it was
used with a ruby laser to make ocular lesions (Zaret et al. 1961). The argon laser was
introduced in 1964 and was first used with a slit lamp microscope in 1970 (Little et al.
1970). In the 1980s the laser was adopted for use in wet AMD but was effective in only a
small number (15%) of wet AMD cases and, because of relapses, permanently benefited
only 10% of cases (Moisseiev et al. 1995). In laser treatment the laser induces a direct laser
burn, which occludes leaking neovascular vessels. The problem is that it can cause a
scotoma in the treated area, which explains why it cannot be used in the sharp vision area.
An argon laser (532nm) is also used for polypoidal choroidal vasculopathy, but can cause
other unfavorable side-effects like RPE rupture (Gass 1984), and subretinal and vitreous
hemorrhages (Gomi & Tano 2008). The krypton red laser (670nm) is used to treat
neovascular lesions and especially choroidal lesions like PCV (MPSG 1990). Some patients
have benefited from ICG angiography-guided laser photocoagulation and also from
feeding vessel photocoagulation (Brancato et al. 2000). Nowadays, lasers are seldom used
because of the availability of new treatment modalities.

4.5. Surgical treatment

Surgical treatment is indicated for hemorrhagic cases and also in very rare cases if there
is blood subretinally in the macula and especially in the fovea. Pars plana vitrectomy
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combined with recombinant tissue plasminogen activator (r-tPA) has been reported to be
effective (Boiché et al. 2019). Direct subretinal surgery is performed for the evacuation of
submacular hemorrhage and the use of r-tPA is involved subretinally or intravitreously
and intraoperatively for clot liquefaction.

4.6 Low vision aid

In Finland ophthalmologists fill out a form for visually impaired people and send it to the
Finnish Federation of the Visually Impaired, the Finnish Register of Visual Impairment,
and the Finnish Institute for Health and Welfare. These organizations provide help for
visually impaired people (vision permanently with refraction correction under 0.3
(Snellen acuity) or whose visual field meets the criteria). Reading aids, social benefits,
rehabilitation, psychologist consultations, IT skills, braille, audiobooks, white canes and
guide dogs are some examples (NKL). Finland also offers courses for visually impaired
elderly people and for those of working age. They can be accommodated during their stay
at the Iiris building in Helsinki which is located at the Finnish Federation of the Visually
Impaired. Advice on education and studies is also provided. Peer support and culture and
spare time support are other important factors (NKL).

5. Periodontitis

5.1 Definition

Periodontitis is an infection of the tissue supporting the teeth. Both Gram- negative and
Gram-positive bacteria are involved, though mainly Gram negative. The main bacteria are
Porphyromenas gingivalis (P. gingivalis), Prevotella intermedia, Tannerella forsythia,
Campylobacter rectus, Treponema denticola, and Aggregatibacter
actinomycetemcomitans. In the Finnish Health 2000 survey, 64% of the adult population
had periodontitis and 21% had its severe form (Suominen-Taipale L. 2008). Severe
periodontitis is often compared to acute skin infection, and is approximately the size of a
hand in area. Periodontitis causes endotoxemia via inflamed tissue supporting the teeth.
Oral and circulating aMMP-8 are elevated (Fritsche et al. 2016). Acute phase protein, for
example C-reactive protein (CRP), is elevated and there are elevated concentrations of
lipopolysaccharides (LPS), IL-6, IL-8 and TNF-a in the circulation (Cardoso et al. 2018)
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compared with people without periodontitis. These are signs of low-grade inflammation
in the body.

Systemic diseases have been linked with periodontitis, including Alzheimer’s disease
(Sochocka et al. 2017), coronary artery disease (Tonetti & Van Dyke 2013), rheumatoid
arthritis (de Molon et al. 2019), obesity (Altay et al. 2013), respiratory diseases (Gomes-
Filho et al. 2020), oral, lung and pancreatic cancers (Michaud et al. 2017) and osteoporosis
(Wang & McCauley 2016). Interestingly, preterm birth and low birth weight have also
been linked with periodontitis (Puertas et al. 2018).

5.2. Signs and symptoms

Typical findings are deepened (>4mm) periodontal pockets, calculus and alveolar bone
loss. Smokers may have milder symptoms, while in difficult cases discharge from the
periodontal pocket might sometimes be one clinical finding. Deepening of the periodontal
pockets and alveolar bone loss can cause teeth to become loose. Radiological examination,
especially an orthopantomogram (OPG), reveals alveolar bone loss and furcation lesions
(which are bone loss at the branching point of a tooth root) (Tonetti et al. 2018).

Periodontitis progresses often without any symptoms. If there are symptoms, they could
be gum bleeding on probing (BOP) and swelling and inflammation of the periodontal
tissue. The gums might be purple. There may sometimes be detachment or movement of
teeth. Bad breath can be one symptom in both gingivitis and periodontitis (Tonetti et al.
2018).
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Figure 7. Maxillary incisors: Periapical radiographs show the typical radiographic features of alveolar bone loss
in periodontitis. A: Moderate bone loss. B: Severe bone loss. Figure published in Essentials of Dental Radiography
and Radiology, 2013, Whaites Eric, Drage Nicholas, Chapter 22, page 286, Fig. 22.5. Permission granted by
Elsevier.

5.3. Differential diagnostics

In gingivitis plaque on the surface of the tooth attracts large numbers of white blood cells
to the area and this can cause bleeding. Gingivitis is less serious than periodontitis and
can be treated by brushing. It is important to differentiate acute periodontal lesions from
periodontitis (Herrera et al. 2014). Periodontal abscesses and necrotizing periodontal
disease are some examples of acute lesions. A periodontal abscess is often caused by a
foreign body and is treated by tooth extraction, drainage, debridement, systemic or local
antimicrobials and surgery, depending on the situation. The typical symptoms are pain,
tenderness and discharge. Signs are redness and swelling of the gingiva, tooth mobility,
tooth elevation and sensitivity to tooth palpation (Ahl et al. 1986). A chronic abscess is
usually symptomless or may involve mild symptoms. Necrotizing periodontal diseases are
subdivided into three categories: necrotizing gingivitis, necrotizing periodontitis and
necrotizing stomatitis (Herrera et al. 2014). Necrotizing gingivitis is characterized by
gingival ulcers and necrosis. The symptoms are pain and bleeding. The same symptoms
are seen in necrotizing periodontitis. The difference is that in necrotizing periodontitis the
necrosis has penetrated to the periodontal ligament and alveolar bone, which might cause
the loosening of teeth.
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Peri-implantitis is inflammation of the mucosa around a tooth implant and could cause
alveolar bone resorption. It is usually preceded by perimucositis as with gingivitis and
periodontitis. Clinical findings are redness and edema in perimucositis and bleeding,
discharge and implant mobility; on the other hand, peri-implantitis may produce no
symptoms. The condition is diagnosed by probing and by radiography (Schwarz et al.
2018).

Pericoronitis is inflammation of the soft tissue of the teeth and usually affects the third
molars when they are erupting. It can be both acute and chronic. It is typically present in
the mandibular region and is the main cause of tooth extraction in recurring cases. There
may also be trismus. (Galvao et al. 2019).

Caries cannot be confused with periodontitis because it affects the tooth itself and can
cause pain. Juvenile periodontitis is uncommon and more aggressive during puberty.

5.4. Treatment

Treatment is individually targeted. Primary treatment of gingivitis is essential to prevent
periodontitis and is achieved by brushing the teeth twice a day. It is also important to clean
the interdental spaces daily using an interdental brush, dental floss, or a dental pick. An
electric toothbrush has been shown to be more effective than a manual one (Ikawa et al.
2021). Giving up smoking is essential. Anti-infective treatment by removing calculus by
scaling and root planning is performed by a dental hygienist or dentist. Antibiotics are
used only in difficult cases, with amoxicillin and metronidazole the golden standard.
Surgery may be needed in severe cases (Deas et al. 2016).

6. Age-related cataract and surgery

Age-related cataract, later referred to simply as cataract, is one of the leading causes of
visual impairment in developing countries (Flaxman et al. 2017). It causes blindness in
65.2 million people annually (WHO 2019). In the Western world cataract surgery is the
most common surgical procedure and one that greatly improves the patient’s vision
(Kennedy et al. 1985). Diagnosis of both cataract and AMD is easier than for many other
eye disorders, for example eye manifestations of immunological diseases (Karma 1986).
It has been estimated that in Finland 50 — 60,000 cataract operations are performed
annually (Falck et al. 2012).
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The symptoms of cataract are gradual worsening of vision, glare, changes in refraction,
diplopia, impaired contrast sensitivity and changes in color vision. The criteria for surgery
in public health care are quite strict in Finland, when vision in the better eye is worse than
0.5 Snellen acuity, which means that people are about to lose their driving license. The
second eye is operated on if the better eye’s visual acuity is above 0.5 and when visual
acuity is under 0.3 in the worse eye. Exceptions are >2 D anisometropia after first cataract
surgery_(means that the eyes have unequal refractive power), and subcapsular cataract
affecting daily survival, for example in traffic. Surgery is also performed when a cataract
is making it harder to monitor underlying diseases like glaucoma, diabetic retinopathy
and age-related macular degeneration (Cataracts 2019).

Cataracts are divided into the basic subtypes nuclear cataract, cortical cataract and
subcapsular posterior cataract. A hypermature cataract is diagnosed when the lens has
become opaque and thus white. A nuclear cataract is usually green and yellow in color, but
in advanced cases it can be red and brown depending on the hardness of the lens. The
nucleus of the cataract is the core of the lens, which gets harder as the cataract progresses.
Cortical cataracts are found near the margin of the lens, with spikes pointing toward the
center of the lens. A posterior subcapsular cataract drastically reduces vision and is
located at the back of the lens, anterior to the posterior capsule (Mandelblum et al. 2020).

Figure 8. Standard Pre-Operative Nuclear Classification System (SPONCS). Canon EQOS slit-lamp photographic
examples. From the article: A Simple Pre-Operative Nuclear Classification Score (SPONCS) for Grading Cataract
Hardness in Clinical Studies. J Clin Med. 2020. Mandelblum et al. Permission granted by author Dr. Oriel Spierer.

Surgery is usually performed under topical anesthesia as a day procedure. Sometimes
surgery is carried out under peri- and retrobulbar anesthesia depending on the patient’s
status. Surgery is normally completed using ultrasound with a phacoemulsification phaco
machine. Nowadays it is also possible to perform the operation by means of femtosecond

40



laser-assisted cataract surgery (FLACS), although this technique only seems to be as good
as the old one and possibly less cost-effective (Walland 2017).

In surgery the surgeon first makes an incision (paracentesis) at the so-called side-port (at
9 o’clock) with a 24-gauge, 15-degree lancet tip blade. The main incision (1.8-3.0 mm) is
made with a keratome blade to clear the cornea for the main instruments followed by
viscoelastic gel to deepen the anterior chamber. The surgeon then uses continuous
curvilinear capsulorhexis (CCC) to remove the anterior lens capsule with a cystotome or
rhexis forceps. The next step is hydrodissection, which means separation of the cortex
from the capsular bag with balanced salt solution (BSS). The surgeon then divides and
breaks the crystalline lens using a phaco machine. There are different techniques for doing
this depending on the hardness of the nucleus. Soft nuclei are removed using the “chip
and flip” technique, harder nuclei using the “divide and conquer” technique, while the
hardest nuclei are usually removed by means of the “stop and chop” technique. Aspiration
of the nucleus and cortex fragments are the next stage followed by cleaning of the capsular
bag. On completion the surgeon inserts an intraocular lens (IOL) using an IOL injector
through the incision and removes the viscoelastic gel. An intracameral antibiotic is then
administered. Finally, the incisions are sealed by hydrating the stroma with BSS (Larry
2007).

Complication rates have decreased since the old procedures, ICCE and ECCE methods
thanks to the less stressful modern phacoemulsification surgery, while the visual
outcomes are also better (Riaz et al. 2006).

Intraoperative complications can occur but are quite uncommon nowadays. Posterior
capsular rupture is one complication, others being phaco-burn and breakage of the IOL.
Vitreous loss and drop of the nucleus to the vitreous body may occur, especially in difficult
cases such as mature cataract operations. In a recent study (Aaronson et al. 2020) senior
surgeons experienced a complication rate of 0.36% at the start of the study period
compared with 7.03% for residents. At the end of the study period (after 100 surgeries)
the rates were 0.32% and 1.32%, respectively.

Postoperative complications are seen more frequently. Mild iritis, pseudophakic cystoid
macular edema (PCME), also known as Irvine-Gass syndrome, posterior capsular
opacification (PCO) and very rarely endophthalmitis have been reported. PCME is often
self-limiting (Aaronson et al. 2020). Very rarely encountered is cornea decompensation
(eventually leading to bullous keratopathy), which in some cases might even need partial
corneal transplantation.
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Nowadays there are many IOL options for patients. Blue-light filtering IOLs ((AcrySof
Natural (Alcon), OptiBlue (AMO), AF-1 (Hoya) and PC 440Y Orange Series (Ophtec)) are
used because earlier animal and cell culture studies showed that blue light (short
wavelength) is harmful to the retina (Downie et al. 2018). One recent study concluded that
blue-light filtering IOLs have the same effect as non-blue-light filtering IOLs on the
development and progression of wet AMD (Achiron et al. 2020). Blue-light filtering IOLs
contain yellow chromophores, which attenuate about half of blue light. These IOLs do not
affect color vision or retinal nerve fiber layer (RNFL) fundus photographs (Vuori &
Maintyjarvi 2006). Toric IOLs are used in patients with astigmatism while aspheric IOLs
are used to correct spherical aberration. Bifocal, trifocal and multifocal IOLs provide both
near and far vision. Astigmatism and myopia can be corrected with toric iris-claw lenses,
with which even contrast sensitivity has been found to improve (Dick et al. 2004). IOL
diopter power normally varies from mild negative (-6) (Zaldivar et al. 2000; Haigis 2009)
to as high as + 34 diopter (Alfonso et al. 2019). Different formulas are used to calculate
IOL power (Gokce et al. 2017; Rong et al. 2019) to ensure correct refraction
postoperatively.

After cataract extraction, various postoperative eyedrops are used in hospitals. NSAID,
steroids and antibiotics are drugs of choice. Prednisolone acetate, nepafenac, diclofenac
and levofloxacin are usually used in Finland (Loukovaara et al. 2019). Nepafenac and
diclofenac have been found to have the same effect (Ylinen et al. 2018). Steroids have been
shown to prevent PCO formation better than NSAID drops (Hecht et al. 2020).

Previous studies have shown that cataract surgery may (Klein et al. 1998; Klein et al. 2002;
Cugati et al. 2006) or may not (Armbrecht et al. 2003; Baatz et al. 2008; Dong et al. 2009)
increase the progression of wet AMD. In Finland cataract surgery for wet AMD patients is
usually performed between injections so that the wet AMD status is as dry as possible
(Cataracts 2019).

7. Aims of the study

7.1. Study I

Inflammation has been suggested to be one of the risk factors for wet AMD, and we
wanted to study periodontitis and its association with wet AMD.
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7.2 Study I1

We wanted to study the correlation between anti-VEGF injections with aflibercept as
second-line treatment and visual impairment in wet AMD patients in Finland.

7.3 Study III

We studied topical anti-inflammatory medication after cataract surgery and its impact on
posterior capsular opacification postoperatively.

7.4 Study IV

Our aim was to study the effect of cataract surgery on wet AMD patients and on wet AMD
progression.

7.5 Study V

Our aim was to study cataract surgery and IOL diopter and the rate of PCO.

7.6 Study VI

We studied the effects of blue-light filtering IOLs and non-blue-light filtering IOLs on wet
AMD, and whether they have different effects on prognosis.
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8. Methods

Data for study I was obtained from the Finnish Health 2000 study. Study I was cross-
sectional retrospective in design. General health information (including self-reported
diagnosis of AMD) was gathered by questionnaire. Oral health was examined by dentists
and x-ray images were taken of alveolar bone, and oral saliva bacteria levels were
measured from periodontal pockets. 54 AMD patients were compared with 1,697 non-
AMD patients. Pearson’s X2 and analysis of variance tests were used together with logistic
regression analysis.

In study II we gathered information from different Finnish hospital and university
hospital districts on the use of anti-VEGF drugs (bevacizumab, ranibizumab and
aflibercept) during 2015-2017. In five university hospitals and 14 central hospitals the
total number of anti-VEGF injections was 232,568. We also obtained data on new cases of
visual impairment from the Finnish Federation of the Visually Impaired and the Finnish
Institute for Health and Welfare comprising together 1,172 visual impairments.

Study III involved a retrospective registry-based analysis of 25,818 patients who had
undergone cataract surgery between 2014 and 2018 at Helsinki University Hospital in
Finland. A total of 13,368 patients were included in the analysis. Nd:YAG capsulotomy
was considered as PCO and rates of PCO in postoperative steroid and NSAID treatments
and their combination were compared. Kaplan-Meier and Cox regression analyses were
used.

In study IV we investigated the effect of cataract surgery on wet AMD. This was a
retrospective registry-based study. Data was obtained from Helsinki University Hospital
patients’ healthcare registry. A total of 111 eyes that had undergone cataract surgery during
2014-2018 were included. The treatment protocol was fixed TER with wet AMD
treatment. Visual acuity and central subfield macular thickness (CSMT) were recorded at
the time of wet AMD diagnosis, before surgery, postoperatively and 1 year after surgery.
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Study V was a cohort study in which we compared PCO rates in different IOL diopter study
groups. A total of 14,264 cases were examined at Kymenlaakso Central Hospital during
the study period of 2014-2018.

In study VI we compared BLF IOLs and non-BLF IOLs in terms of the overall risk of
developing wet AMD. The patients were from Kymenlaakso Central Hospital in Finland
during 2007-2018. A total of 11,397 eyes of 11,397 patients were examined. Kaplan-Meier
and Cox regression analyses were used.

9. Results

In study I, 54 individuals had fundus changes and formed the AMD group, and 1,697
formed the non-AMD group. In the whole study population AMD patients had fewer teeth
(p<0.001) and more alveolar bone loss (p=0.004). In a logistic regression model adjusted
for age, smoking and diabetes, alveolar bone loss was associated with AMD in males (OR
4.3, CI 1.3-14.6, p=0.013). In the whole population the association between alveolar bone
loss and AMD was lost. The association between the number of teeth and AMD in the
whole population was also lost when the data were adjusted for age. In conclusion,
periodontitis could be one risk factor for AMD in males.

In study II the number of anti-VEGF injections given in Finland increased from 60,412 in
2015 to 93,589 in 2017 (average annual change +24.5%). The number of aflibercept
injections was 8,299 in 2015 rising to 20,833 in 2017 (average annual change +58.7%). Of
the 43,996 aflibercept injections 30,364 (20.7% of total anti-VEGF injections) were given
at university central hospitals and 13,362 (15.8% of total) at central hospitals during
follow-up. Between 2015 and 2017 the use of ranibizumab was minimal, only 432
injections in 2015, 283 in 2016 and 216 in 2017. The PRN regimen was used as primary
protocol at three university hospitals and 10 central hospitals. TER was the main protocol
at two university hospitals and four central hospitals. During the study period the total
and first line-treatment with bevacizumab did not correlate with new-onset visual
impairment. However, the 3-year average for aflibercept injections correlated inversely
with new-onset visual impairments. It was therefore concluded that aflibercept injections
as a second-line treatment might help to prevent visual impairment.
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The main finding from study III was that topical steroids administered after cataract
surgery caused statistically significant lower rates of posterior capsular opacification
(PCO) compared to non-steroidal anti-inflammatory drops (HR 0.76, 95% CI 0.62-0.93,
p=0.009). Treatment with combination therapy (NSAID + topical steroids) provided no
additional benefit over steroid monotherapy (HR 1.11, 95% CI 0.68-1.80, p=0.674). Cox
regression analysis adjusted for age, sex, pseudoexfoliation, and risk stratification
remained significantly predictive for lower capsulotomy rates (meaning lower PCO rates)
with steroid treatment over the NSAID arm (HR 0.70, 95% CI 0.52-0.88, p=0.001).
Secondary analyses revealed that patient age was inversely associated with Nd:YAG
capsulotomy rates as the HR for Nd:YAG among patients older than 65 years was 0.58
compared to those under 65 years. Female gender was significantly associated with
Nd:YAG capsulotomy rates. Poor mydriasis, pupil expansion device, DME or PDR were
not associated with higher capsulotomy rates.

In study IV we examined 111 patients, mean age 78.9 years. At cataract surgery central
subfield macular thickness (CSMT) was 280.1 + 75.0 um, postoperatively 268.6+ 67.6 um
and after 1 year 265+ 67.9 um. Best corrected visual acuity (BCVA) (logMAR) was
0.70+0.46 prior to cataract surgery, 0.39+0.40 postoperatively and 0.33+0.34 1 year after
surgery. The correlation between CSMT at cataract surgery and BCVA gain 1 year
postoperatively was 0.312 r logMAR) p=0.003. The cataract surgery did not significantly
correlate with the incidence of hemorrhage, PED, IF or SRF when comparing macular
status at surgery, postoperatively and at 1-year.

Cataract surgery had no effect on wet AMD activation or progression. The central subfield
macular thickness continued to decrease after surgery. Neither topical nor systemic
medication influenced the state of wet AMD. After 1 year the outcome of cataract surgery
was the same irrespective of the number of anti-VEGF injections or treatment interval.
The thicker the CSMT at surgery and the greater the postoperative resolution, the greater
the BCVA gain.

In study V the mean age of the subjects was 73.2 + 9.9 years, comprising 61.8% females
and 38.2% males. The mean follow-up time was 25.4 + 16.8 months. Overall PCO rates
were 1.1% at 1 year, 3.0% at 2 years, 7.1% at 3 years and 10.2% at 4 years. Patients with
IOL diopters (D) in the lower quartile (< 20 D) had significantly higher rates of PCO (1.3%
at 1 year, 4.4% at 2 years, 9.4% at 3 years and 14.2% at 4 years, p < .001). Logistic
regression analysis showed an increased risk of PCO formation with lower diopter IOLs —
for < 20.0D OR 1.343 (95% CI: 1.132-1.593) and for < 10 D: OR 2.409 (95% CI 1.203-
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4.287), p < .001 for all comparisons. In a multivariant regression analysis accounting for
possible confounders, the results were unchanged. Higher IOL diopters (> 28 D) did not
correlate with higher PCO rates. It was concluded that the lower IOL power was associated
with an increased risk of clinically significant PCO.

In study VI we examined 11,397 patients (mean age 75.4 + 8.3 years) and 11,397 eyes. The
study population comprised 37.5% males and 62.5% females. A blue-light filtering IOL
was inserted in 5,425 (47.6%) eyes, and a non-blue-light filtering IOL in 5,972 (52.4%)
eyes. The follow-up time in the blue-light filtering IOL group was 55.2 + 34.1 months and
in the non-blue-light filtering IOL group 50.5 + 30.1 months. During follow-up, 164 new-
onset neovascular AMD cases were recorded: 88 in the BLF group and 76 in the non-BLF
group. Neovascular AMD-free survival was the same in both groups (p=0.465, log-rank
test). In a Cox regression analysis controlling for age, gender, and a documented diagnosis
of macular degeneration, the use of a BLF IOL did not predict neovascular AMD
development (hazard ratio [HR], 1.075; 95% CI, 0.79-1.47; p=0.652).

Secondary clinical outcomes at 1 year in neovascular AMD patients were comparable for
BCVA, foveal thickness, number of anti-VEGF injections, and treatment interval for BLF
and non-BLF IOLs, respectively. For patients in whom wet AMD developed after cataract
surgery and among patients with wet AMD before surgery (BLFn=71, non-BLF n=74) the
clinical outcomes were the same (p> 0.05 in every case).

In conclusion, the BLF IOL and non-BLF IOL were the same in terms of new-onset wet
AMD.
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Figure 9. Survival plot (Kaplan-Meier) shows neovascular age-related macular degeneration-free survival
time with BLF IOLs and non-BLF IOLs. No statistical significance difference was found between these IOLs.
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DISCUSSION

Age-related macular degeneration has several risk factors (16 mentioned in one study),
including tobacco smoking, advanced age, genetic susceptibility and low intake of
antioxidants as well as high BMI, hypertension and history of cardiovascular disease
(Chakravarthy et al. 2010). In cardiovascular disease the vasculature is stressed by the
high concentrations of lipids and low-grade inflammation, which eventually leads to
arteriosclerosis and oxidative stress of the heart musculature. No significant association
was found in prospective cohort and cross-sectional studies, but a significant association
was observed in the case control studies in cardiovascular disease and late AMD, OR 2.20
(95% CI 1.48 — 3.26). In a prospective cohort study diabetes was associated with late AMD,
with RR 1.66 (95% CI, 1.05 — 2.63) (Chakravarthy et al. 2010). The mechanism of this
might be hyperglycemia and hypoxia. Cigarette smoking has the same effect in addition to
increasing platelet aggregation and fibrinogen levels. Smoking also lowers levels of high-
density lipoproteins and antioxidants in the blood. Current smokers have a 1.9-fold
increased risk of developing AMD, and ex-smokers a 1.7-fold risk. The risk of neovascular
AMD was 2.6 OR (95% CI, 1.4 — 4.8) - 3.20 OR or geographic atrophy 4.54 - 4.8 (95%, 2.1
— 11.1) in current smokers, compared with 1.7 for ex-smokers (Smith et al. 1996;
Chakravarthy et al. 2007). Fish intake and omega-3 fatty acids have been reported to
protect against AMD (Smith et al. 2000; Seddon et al. 2003) while on the other hand a
high-fat diet and obesity are risks for developing AMD, which should be kept in mind.
Advanced age increases the relative risk of developing soft indistinct drusens by 14.2 (95%
CI, 9.6, 21.2) in those 75 or older compared to those aged 43-54. Pigmentary changes,
geographic atrophy and neovascular AMD also increase with age (Klein et al. 2020). The
prevalence of late AMD is 7.0 — 12.0 times higher in those aged 80 and older
(Chakravarthy et al. 2010).

The mechanism of degeneration of an aging retina might be caused by hypoxia, oxidative
stress and autophagy malfunction (Blasiak et al. 2014). High BMI patients have been
found to have 1.28 RR (CI 95%, 0.98-1.67) for late AMD (Chakravarthy et al. 2010). This
might be due to low-grade inflammation (Wedell-Neergaard et al. 2018). In terms of race,
it is important to remember that white women are at greater risk of early and late AMD
than black women and white men (Fisher et al. 2016). On the other hand, individuals of
native American ancestry were nearly 15 times more likely to have geographic atrophy
than Latinos (Fraser-Bell et al. 2005). In this study a positive family history increases the
risk of geographic atrophy 28 times. Siblings have been reported to have a three- to six-
fold risk of developing AMD compared to the general population (Maller et al. 2006). This
naturally suggests that genetics plays an important role in pathogenesis. Analysis of
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prospective cohort studies showed that previous cataract surgery is a strong risk factor for
neovascular AMD, 3.05 RR (CI 2.05 — 4.55) (Chakravarthy et al. 2010). However, our
study (Karesvuo 2021) showed that cataract surgery did not cause new wet AMD cases or
affect wet AMD status. One explanation could be surgery-induced intraocular
inflammation. This inflammation might be too subtle so that the macula do not react to it.
It could be suggested that cataract surgery can be performed for wet AMD patients without
a major risk of activating the disease. On the other hand, in three case control studies
hypertension has been shown to be associated with late AMD, OR 1.48 (95% CI, 1.22 —
1.78) (Chakravarthy et al. 2010).

We now suggest that periodontitis could be one risk factor for AMD (Karesvuo et al. 2013).
In the study the OR 4.3 is fairly high, but it can be explained by the 1.3-14.6 confidence
interval and the small number of study patients. The exact mechanism is still unknown,
but this study gives new insight into the basic risk profile. Further and larger studies are
needed to establish the association. The pathophysiology is complex and is still the subject
of debate. Low-grade inflammation (Kauppinen et al. 2016) and mast cell degranulation
(Ogura et al. 2020) are suggested to be possible reasons. In order to reduce the risk of
developing AMD, good oral health is needed and can be achieved by teeth brushing twice
a day and cleaning the interdental spaces. Attention should also be given to other risk
factors, including quitting smoking, eating a healthy diet, treating hypertension and
elevated cholesterols, exercise and losing weight. When there is wet AMD in one eye, the
other eye has a 50% risk of developing wet AMD within five years. To reduce the risk, oral
antioxidants plus (zinc) lutein and zeaxanthin are good options. The Mediterranean diet
should also be considered when planning suitable meals.

The effect of cataract surgery in wet AMD patients is under debate and has been studied
with conflicting results. Some studies suggest surgery should be avoided for six months
from the diagnosis of wet AMD (Daien et al. 2018), others recommend surgery despite
fluid on OCT (Starr et al. 2018). The use of topical anti-inflammatory drugs has been
suggested for at least 3 weeks after uneventful cataract surgery in all patients to prevent
PCME (Ylinen et al. 2018). Our study showed that cataract surgery does not cause or
exacerbate wet AMD as the macula gets drier postoperatively with anti-VEGF therapy and
1 year after surgery. Postponing surgery is not preferable. However, our study (Karesvuo
2021) provides no evidence about the early intervention after diagnosis of wet AMD. Only
seldom (3 of 111 patients) did CSMT increase by over 30% after surgery compared to CSMT
before surgery. It can therefore be suggested that cataract surgery is safe for wet AMD
patients when indicated and does not need to be postponed. One study (Daien et al. 2018)
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recommended surgery 6 months after neovascular AMD diagnosis due to CNV activation
and reduced vision gain. It is important to operate on the cataract early because it
influences the patient’s quality of life and the risk of accidents like hip fractures (Porela-
Tiihonen et al. 2016). Cataract surgery is safe, has low complication rates, and an
anesthetic can be used without activating wet AMD disease. Also, the follow-up of the
disease is easier because of the better visibility of the fundus and higher quality OCT
pictures. The type of cataract also affects the patient’s symptoms, and a PSCC could cause
significantly reduced vision, while a cortical cataract could result in a lot of glare. In
conclusion, both reading vision and peripheral vision improve after surgery, and this helps
the patient in everyday life.

Different intraocular lenses (IOLs) are used for patients in surgery, and studies have
focused on blue-light filtering IOLs and non-BLF IOLs to find out if is there any difference
between these lenses and whether it affects the occurrence of wet AMD. In our study there
were no differences between these lenses. Blue light has been shown to be phototoxic to
photoreceptors. In an aging eye the lens becomes yellow and absorbs more blue light and
this is thought to naturally protect the retina. However, the effect on the retina may be
only minimal, as demonstrated by a study on non-BLF and BLF IOLs (Achiron et al.
2020). This means that cataract surgery is equally safe for wet AMD patients when using
non-BLF-IOLSs and BLF-IOLs.

Anti-VEGF therapy has opened up a new era in the treatment of neovascular AMD
patients. Bevacizumab and ranibizumab have been shown to be effective in treating these
patients, although since the CATT study the use of ranibizumab has fallen substantially
(Pershing et al. 2019). Aflibercept is a good drug and its use as second-line treatment is
popular in unresponsive cases. Aflibercept as second-line treatment might lower the
incidence of new-onset visual impairment and make the treatment more successful. In
addition, the fact that this drug has a longer effect relieves the treatment burden on
patients and means greater cost-effectiveness for hospitals and taxpayers (Karesvuo et al.
2020).

PCO is one of the commonest complications of uneventful cataract surgery. Post-operative
topical anti-inflammatory medication is generally used in almost every patient. The
selection of medication is at the discretion of the physician. We compared the rate of PCO
and three topical medication options (steroid, NSAID and their combination) after
uneventful cataract surgery. Topical steroid medication after cataract surgery reduced the
rate of PCO (Hecht et al. 2020), but its combination with topical NSAID yielded no
additional benefit.
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In our study the use of the lower IOL diopter correlated with an increased risk of PCO
(Hecht et al. 2020), as also seen in other studies (Lindholm et al. 2020). One explanation
for this could be the classical “no space no cell” theory. This means that the IOL is in
contact with the posterior capsule and creates a barrier normally, but in lower IOL cases
this might not happen or it is weaker due to the bigger and larger capsular bags of long
myopic eyes (Peng et al. 2000). The velocity and type of capsular bend from the sharp
edges of the IOL could also be one reason (Zhao et al. 2013). PCO worsens the patient’s
visual acuity and thus adversely affects quality of life. PCO is treated by Nd:YAG
capsulotomy, which is a fairly quick and safe procedure with low complication rates.
However, it uses valuable eyecare resources and could be avoided with proper IOL design
and intraoperative procedures.

Periodontitis causes low-grade inflammation via inflamed periodontal tissue. Elevated
levels of LPS, IL-6, IL-8, MMP-8, TNF-a and CRP are observed in the blood (Hegde &
Awan 2019; Vitkov et al. 2021). In AMD one hypothesis is that there is loss of endothelial
cells that make up the choriocapillaris (Crabb et al. 2002). Hypoxia of the choriocapillaris
leads to secretion of ICAM-1 and VEGF from the choriocapillaris and RPE cells, which are
associated with AMD (Skeie et al. 2010). Elevated levels of VCAM-1 and MCP-1 in vitreous
humor have also been observed in exudative AMD even if VEGF levels are normal (Jonas
et al. 2010). Endothelial cell permeability increases, mCRP accumulates in the
choriocapillaris and inflammatory proteins are elevated (Chirco et al. 2016). It is our view
that periodontal LPS penetrates through the eye’s choriocapillaris with its numerous
fenestrations and reacts with mast cells (Bhutto et al. 2016) and RPEs TLR2 and TLR4
(Palaska et al. 2016). Mast cells produce tryptase (Ogura et al. 2020) and the RPE
produces excess amounts of IL-6 and IL-8 due to hypoxia and LPS influence (Arjamaa et
al. 2017). The effect of LPS is long standing because of LPS seeding from chronic
inflammation and infection of the periodontium. This causes slow degeneration of the
RPE, Bruch’s membrane and the choroid and eventually, according to our theory, leads to
AMD.

Our study found a statistically significant correlation between alveolar bone loss and AMD
in males (Karesvuo et al. 2013). However, the study is cross-sectional in design and AMD
diagnosis is self-reported and the number of AMD cases (54) is quite small. Other studies
(Brzozowska & Puchalska-Niedbat 2012; Wagley et al. 2015; Shin et al. 2017; Pockpa et
al. 2019; Sun et al. 2019) have come to the same conclusions. Two recent systematic review
articles (Javed et al. 2020; Lv et al. 2020) gave different results. Javed et al. argued there
is too much bias in the studies and that a “true” correlation between these two diseases
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could not be made. However, Lv et al. found a 35% risk of AMD in periodontitis patients.
The subject and results are thus debatable and more and larger studies are needed. In the
future the way to treat and prevent AMD could be through good oral hygiene. Not all cases
of AMD can be prevented, but the low-grade inflammation burden would be diminished,
which benefits the body as a whole. Treating periodontal disease and treating gum disease
by means of anti-infective therapy and teeth brushing and even surgery in more advanced
cases, is warranted. Anti-infective therapy removes calculus from interdental pockets.
Teeth brushing twice a day is suggested, with an electric toothbrush being more effective
in both short and long terms compared to a manual toothbrush (Yaacob et al. 2014; de
Jager et al. 2017).

In conclusion, wet AMD, cataract and PCO cause visual impairment if left untreated. Our
study gives uncertain results, but does suggest that periodontitis might be one risk factor
for wet AMD. Our findings also indicate that cataracts can be operated on without causing
exacerbation of wet AMD, and that aflibercept as second-line treatment might reduce the
incidence of new-onset visual impairment. There is no difference between blue-light
filtering and non-blue-light filtering IOL in terms of new-onset wet AMD. Steroid use after
cataract surgery lowers the incidence of PCO as do lower power IOLs.
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Figure 10. Retinal pigment epithelium, choroid, mast cells and lipopolysaccharides in interaction.
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CONCLUSIONS

We believe that periodontitis might be one risk factor for AMD, possibly due to low-grade
inflammation. In our study we concluded that aflibercept might reduce new-onset visual
impairment. Our study also indicates that cataract surgery does not accelerate the
progression of wet AMD. It was also shown that blue-light filtering IOLs are the same as
non-blue-light filtering IOLs in terms of progression of wet AMD. According to our study
postoperative steroid induced less PCO than non-steroidal drops, while low diopter IOLs
resulted in more PCO than higher diopter IOLs.
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YHTEENVETO (Finnish summary)

Kostea ikdrappeuma on yli 65-vuotiaiden yleisin ndkévammaisuuden syy teollistuneissa
maissa. Uudet kasvutekijaestdja hoidot ovat mullistaneet kostean ikdrappeuman hoidon.
Ongelmana on kuitenkin niiden lyhyt vaikutusaika eli pistoksia joudutaan antamaan
potilaille kuukauden — kolmen kuukauden vilein tilanteesta riippuen.

Harmaakaihi on puolestaan yleisin nikdvammaisuuden syy kehittyvissd maissa.
Kaihileikkaus on yksi yleisimmista paivakirurgisista toimenpiteistd ja sen on todettu
olevan turvallinen, kustannustehokas, nidontarkkuutta ja eldménlaatua parantava
toimenpide.

Harmaakaihi ja kostea ikdrappeuma esiintyvat vanhusviesto6lla ja usein ne esiintyvatkin
yhta aikaa. Eri tutkimukset ovat antaneet eridvia tuloksia siitd pahentaako kaihileikkaus
kostean ikdrappeuman tilannetta. Tutkimuksessamme ndin ei kidynyt vaan kostea
ikdrappeuma  osoitti  rauhoittumisen @ merkkeji  injektiohoitojen  jatkuessa
kaihileikkauksesta huolimatta.

Aflibercepti on uusi kasvutekijdestdji lddke ja se on vaikutukseltaan pidempi kuin
esimerkiksi bevacizumabi. Tutkimuksessamme huomasimme, ettd aflibercepti saattais
vahentdid nakévammaisuuden esiintyvyytta.

Kaihileikkauksessa kaytettiava paikallisladkitys leikkauksen jalkeen on todettu vihentdvin
komplikaatioita ja tutkimuksissamme totesimme, ettd kortisonildzike vihensi jalkikaihen
esiintyvyyttd enemmaén verrattuna NSAID ladkkeisiin.

Kaihileikkauksessa kaytettavia tekomykiotd on erilaisia, on sinivalosuodattavia ja ei-
sinivaloasuodattavia. Eldinkokeissa sinivalon on todettu olevan haitallista verkkokalvolle,
mutta tutkimuksessamme niiden linssien valilld ei ollut eroa, kun verrattiin uusien
kostean ikdrappeuma tapausten esiintyvyytta.

Tekomykion vahvuudella huomasimme olevan vaikutusta jélkikaihen esiintyvyyteen.
Matalavahvuuksisilla tekomykion saaneilla esiintyi enemméin jilkikaihea verrattuna
normaalivahvuuksisiin ja korkeavahvuuksisiin tekomyki6ihin.

Tkarappeuman tunnettuja riskitekijoita ovat korkea ikd, sukurasitus ja tupakointi. Uutena
tekijand havaitsimme, ettd parodontiitti saattaisi olla uusi ikirappeuman riskitekija.
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SAMMANFATTNING (Swedish summary)

Vét aldersrelaterad makuladegeneration dr den vanligaste orsaken till synskada hos
manniskor Over 65 ar i industrialiserade linder. Nya tillvaxtfaktorhimmare har
revolutionerat behandlingen av vét aldersrelaterad makuladegeneration. Problemet med
dem ir att deras verkningstid ar kort och de maste ges varje manad — eller vart tredje
ménad i 6gat.

Grastarr ar den vanligaste orsaken till synskada och blindhet i utvecklingsldander.
Starroperation ir en vanlig dagkirurgisk atgiard och den har konstaterats vara trygg och
kostnadseffektiv.

Starr och aldersrelaterad makuladegeneration upptrader hos dldre och de upptrader ofta
samtidigt. Olika studier har gett olika resultat nir det giller huruvida en starroperation
forsamrar vat aldersrelaterad makuladegeneration. Var studie ledde till att det inte spelar
négon roll om man opererar vat &ldersrelaterad makuladegeneration.

Aflibercept dr en ny tillvaxtfaktorhdmmare och den har langre verkningstid. Resultatet av
var studie ar att aflibercept minskade férekomsten av synskada.

Vid starroperation anvinds lokala mediciner som minskar postoperativa komplikationer.
I vér studie var kortisondroppar effektivare nir det géller att minska efterstarr jamfort
med NSAID droppar.

Vid starroperation anviander man olika intraokulara linser, det finns blaljusfiltrerande och
icke-blaljusfiltrerande linser. I djurstudier har man konstaterat att bléljus inte ar bra for
nathinnan, och i véra studier forekom det inte négon skillnad mellan dessa linser i
frekvensen av ny vat &ldersrelaterad makuladegeneration.

Vi konstaterade att styrkan hos en intraokulér lins paverkar frekvensen av efterstarr. Hos
personer som fatt intraokuldra linser forekom mer efterstarr 4n hos dem med normal och
hog styrka.

Riskfaktorerna for aldersrelaterad makuladegeneration dr ménga, sdsom hog alder,
arftlighet och rokning. Vi fann att en ny riskfaktor, parodontit, infektion i tdndernas
stodvavnad, kunde ligga bakom &aldersrelaterad makuladegeneration.
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